There is much current interest in determining the flow characteristics of fractures intersecting a well bore in order to provide data for use in estimating the hydrologic behavior of fractured rocks. Inflow rates from these fractures into the well bore are usually very low. Moreover, in most cases only a few percent of the fractures identified by core inspection and geophysical logging actually conduct water, the rest being closed, clogged, or isolated from the water flow system. A new procedure is proposed and a corresponding method of analysis developed to locate water-conducting fractures and obtain fracture inflow rates by means of a time sequence of electric conductivity logs of the borehole fluid. The physical basis of the analysis method is discussed, and the procedure is applied to an existing set of data, which shows initiation and growth of nine conductivity peaks in a 900-m section of a 1690-m borehole, corresponding to nine water-conducting fractures intersecting the borehole. By applying our analysis to these nine peaks, the flow rates and the salinity of the water from these fractures are 
INTRODUCTION
In the study of the hydrology of fractured rocks, knowledge of the fracture properties is essential. Surface observations may be useful, but the more relevant observations are those made at the depths of interest. Most such measurements are made through boreholes or underground openings.
In the case of boreholes, various methods of determining fracture properties have been used. For example, a downh01e televiewer can be used to map the fracture traces on the borehole walls and determine their density and orientations. 
where a = 1870 (/a,S/cm)tm3/kg); the units given here were chosen because in applications described later in the paper cr is given in/aS/cm.
Suppose the well bore is first washed out with deionized water by passing a tube to the well bottom. There will be some residual ion content and associated electric conductivity. In the field data shown later in the paper the residual electric conductivity turns out to be about 60/.rS/cm, corresponding to a residual salinity concentration of 0.03 kg/m 3. Figures 2-5 display schematically the salinity distribution inferred from the fluid electric conductivity distribution in the well bore for a series of times. Figure 2 shows the curves for early values of time. In this paper we assume that the well bore cross section is small compared with its length, so that salinity or chemical concentration is uniform at each cross section. If there is no overall upward flow in the well bore and density effects can be neglected, one expects the salinity curves at each inflow point to be symmetrical at:out the inflow point. When the well is pumped at a given flo• rate, a skewing of the curves is expected due to the upward flow in the well bore, which is larger near the well top than near the well bottom. Figure 5 shows a sequence of curves from early to later times, demonstrating the effect of having one of the three inflows starting much earlier than the other two.
Thus the procedure for fluid conductivity logging is as Mlows. After the well bore fluid is replaced by deionized water, the well is produced at a low flow rate. Then a fluid conductivity logging probe is run through the well bore, and 
ANALYTIC CONSIDERATIONS
In this section we present a simple analytic method to estimate flow rates qi and salinity Ci of the fracture fluid.
The results will be used later as initial guesses for a detailed numerical fit to field data.
Given a borehole electric conductivity profile tr(x, t) measured at a given time t, such as that given in Figure 2 where &• and &2 are appropriate distances for bracketing the peak, and r,. is the mean well bore radius over this interval: a is a coefficient that relates salinity with electric conductivity (equation (2) If the electric conductivity cr is linearly related to salinib, as in equation (2) We have plans to study the use of equations (12) and (13) Let us now present a few results of fluid salinity behavior in the well bore using BORE with constant K to confirm the earlier schematic and analytic considerations and to study parameter sensitivities. A synthetic data set composed of a time series of conduc. tivity logs with times ranging from 0.5 to 600 hours was generated by the code BORE. Four inflow points were used. The synthetic logs for 0.5, 144, and 600 hours are shown in Figure 11 . The data set is designed to be realistic, similar to a real field case described in the next section.
PRE was then used to estimate the inflow parameters using various subsets of the time series of logs, with successively larger final times (i.e., using the first five logs, the first eight, the first ten, etc.). The resulting estimates of the parameters, shown in Table In order to understand the effects of adjusting the vadou• parameters, a sensitivity study was conducted. An initial set of parameters, the "base" case, is shown in Table 2 : thi• a slight variation on the case shown in Table 1 Table 3 .
The set of four logs, which cover the entire section, were used as input to PRE. The initial estimate of the inflow parmmeters is shown in Table 4 . The values for ti, qiCi, and q,. were obtained using equations (10) 8 is a factor of 5 larger than that for peak 9 and an order of magnitude larger than that for the others. These results will be used below for validation against chemical sampling data from the same borehole.
ESTIMATION OF TRANSMISSIVIT!ES FROM THE RESULTS OF FLUID CONDUCTIVITY LOGGING
The results of fluid conductivity logging, that is, the inflow rate produced from each fracture intersected by the borehole, can be combined with other observations made during the time of pumping to calculate the transmissivity of each of the fractures or fracture zones. These calculations make use of the basic equation describing the unsteady flow of water to a well in a confined aquifer and its analytical solutions under various assumptions. Essentially, each waterproducing fracture is treated as a single confined aquifer that can be readily analyzed using classical well-testing tech. The head h i in the well opposite each flowing zone during the pumping phase of the fluid conductivity test is primarily a function of the imposed drawdown at the pump. In addition, the salinity and temperature of the borehole fluid are gradually changing with time, which causes the density profile to be time-dependent. Such density effects can easily be accounted for, since electric conductivity and temperature of the borehole fluid is periodically monitored throughout the borehole. Additionally, head corrections for friction and inertia effects could also be incorporated because the volumetric flow rate along the borehole is also known. An appropriate method is described by Hl(/•chmied [1983] . However, given the large drawdown of 176 m at the pump, the low salinity of the inflowing formation water, the approximately compensating effects of the increasing temperature on the density, and the low flow rate, none of the above corrections was deemed necessary, and thus the observed drawdown at the pump of 176 m at late times is applied to all permeable zones between 770 and 1637 m depth.
The volumetric fluxes qi from each interval are taken from the results of the fluid conductivity analysis presented in Table 5 . Table 7 clearly demonstrates the low sensitivity of transmissivity to the storage coefficient and thickness of the water-producing zone. Two orders of magnitude deviation of $$ and m from the base case values results in only a factor of 2 to 3 change in transmissivity. This factor is negligible, given all the other uncertainties introduced by conceptualizing heterogeneous fractured rock as a homogeneous equivalent porous medium.
As can be seen from Table 7, The three test types (single packer, double packer, and H log tests) typically used one or more of the following Analysis methods and results are described in detail by Belanger et al. [1988] .
All the 14 hydraulic tests that cover the depth locations identified by fluid logging as being inflow zones were drawn from Belanger et al. [1988] . On the basis of the reported average hydraulic conductivity and interval length a transmissivity was calculated for each test interval. Table 6 shows a comparison between the transmissivities derived from packer testing and from fluid logging. The data presented in Table 8 tration or its measure, electric conductivity, to be utilized to quantify the volumetric flow of water. This is also supported by the observed close relation between total dissolved solid• and electric conductivity. Table 9 shows a comparison of formation water electric conductivity determined from the water sampling and electric conductivity logging. In addition, equivalent NaC1 con- The main conclusion to be drawn from Table 9 is 
